intake, a population-based study in the Swiss population, was used. Vitamin D concentration in serum was measured by liquid chromatography-tandem mass spectrometry. Major factors that influence vitamin D levels were taken into account. Survey statistical procedures were used to estimate means and prevalences of vitamin D levels and status. Monthly-specific tertiles of vitamin D and ordinal logistic regression were used to determine the associations of covariates of interest with vitamin D status. RESULTS: The prevalences of vitamin D insufficiency (serum 25-hydroxyvitamin D: 20-29.9 ng/ml) and deficiency (<20 ng/ml) were the highest in the January-March period; 26.4% (95%CI: 21.6-31.7) and 61.6% (95%CI: 56.0-67.0), respectively. In the same period, more than 9 of ten men were vitamin D insufficient or deficient. Each unit increase of Body Mass Index was associated with an 8% decreased likelihood of being in a higher vitamin D tertiles. Oral contraceptive, altitude, urinary excretion of cal- 
Introduction
Vitamin D deficiency is associated with rickets and osteoporosis [1, 2] . More recently, epidemiological associations of vitamin D deficiency with other diseases such as cancers, multiple sclerosis, and rheumatoid arthritis have been reported [3] . There is also evidence from molecular, animal and human studies suggesting that vitamin D level is associated with cardiovascular disease (CVD) [4] , diabetes [5, 6] , and depression [7] . In humans, most of the circulating vitamin D is synthetised from cholesterol following exposure to sunlight ultraviolet B (UVB), whereas a smaller amount is derived from diet and dietary supplements. Diet contributes only between 10% to 20% to 25(OH)D levels, but becomes more important when sunshine exposure is low [8] . Fish is the major dietary source of vitamin D in humans. For example, 85 grams of cooked salmon provide 90% of the recommended daily vitamin D intake, whereas 85 grams of cooked beef provide only 4% of the recommended intake [9] . Other factors such as body mass index (BMI), skin pigmentation, and geographical factors (e.g., latitude, altitude, meteorological conditions) can influence circulating vitamin D levels [10] .
Serum 25-hydroxyvitamin D [25(OH)D] is the major circulating form of vitamin D that is used to determine vitamin D status. Vitamin D deficiency and insufficiency are respectively defined as 25(OH)D levels <20 ng/ml (50 nmol/ l) and 25(OH)D between 20 and 29 ng/ml (50 nmol/l and 75 nmol/l), although different definitions exist [11] . In Europe, the mean serum 25(OH)D levels reported in population-based studies vary from 18 ng/ml (29 nmol/l) in Italy to 30 ng/ml (75 nmol/l) in Norway [12] . While the definitions of adequate vitamin D levels differ, it is estimated that one billion people worldwide have vitamin D deficiency [13] . It affects more than 40% of U.S. and European men and women, and more than 50% of postmenopausal women [3] . In Switzerland, the last population-based estimation of vitamin D deficiency, based on 25-hydroxyvitamin D (25(OH)D) serum levels, was made more than 20 years ago (Swiss MONICA project) [14] . At this time, 6% of the population were clearly deficient (i.e., 25(OH)D ≤8 ng/ml [≤20 nmol/l]), and a further 34% had a low concentration of vitamin D (i.e., <15 ng/ml [<38 nmol/ l]). The aims of this study were (1.) 
Methods
We used the data from the 2010-2011 Swiss Study on Salt intake (SSS) [15] , its main objective was to estimate dietary salt/sodium intake using 24-hour urine collection in the Swiss population. The SSS study is a multicentric population-based study including data in ten centres reflecting the geographical and cultural diversity of the Swiss adult population (≥15 years old). In the SSS study, the Italian region was oversampled to allow for a meaningful comparison with the two other major linguistic regions (i.e. French and German). Sampling was stratified using eight age-(15-29 years, 30-44 y, 45-59 y, ≥60 y) and -sex strata. Recruitment began in January 2010 and ended in August 2011. Information letters were followed by phone calls with up to 3 attempts on different days, including evening hours, during which people are more likely to be at home. Participation rate was low (10%). Because of important difficulties in recruiting young participants, we had to complete the study sample (aged 15-20 years old) by recruiting volunteers from schools and universities. Blood collection was not mandatory to participate in the study. Subjects were identified by means of the Swiss Federal Statistical Office phone directory which is regularly updated by the major Swiss phone provider. We performed a two-stage sampling strategy. Stage 1 identified households (primary unit) and stage 2 identified a single individual per household (secondary unit). We determined household characteristics by phone (household size, age, sex and nationality of its members) to identify the target population, from which a random sample was then drawn. In the first stage, we contacted households by phone after having sent a letter of invitation to participate to the survey. A single person per household was randomly selected to respond to a first questionnaire by phone. In the second stage, the selected person came to the study centre on two consecutive mornings for measurement by a trained health professional from the survey team and for urine collection. The phenotypes were collected and the urine samples were analysed centrally in the laboratory of Lausanne University Hospital. To minimise the non-response rate multiple attempts to contact participants including outside of regular working hours were made. The cost of the participants' transportation was covered by the protocol. The SSS complied with the Declaration of Helsinki and was approved by the local Institutional Ethics Committees. All participants gave written informed consent. For participants below age 18 years, written consent from one parent or a legal representative was obtained. Weight and height were measured and BMI calculated as weight/height 2 . Diabetes was based on presence of antidiabetic drug treatment. Post-menopausal status, use of oral contraceptive or hormone replacement therapy, ethnicity, and smoking status were self-reported. Information on diet (fish, meat, beer, and wine consumptions), physical activity and daily minutes of walk were collected using questionnaires. Participants were asked to report their medication and supplements. This list of reported medications/supplements was compared to the original medicines Compendium ® of Switzerland database (http://www.compendium.ch/) to identify vitamin D supplements and treatments. Total serum calcium was measured by O-cresolphtalein and albumin by bromocresol green; albumin-corrected calcium was then calculated. Creatinine was measured using Jaffe kinetic compensated method (Roche Diagnostics, Switzerland), kidney function was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [16] . 24-hour urinary calcium excretion was used as a proxy of hormonal status (e.g., parathyroid hormone). Participants were geocoded by merging information on the participant's private address with latitude, longitude and altitude information using Python programming and Google Maps Find Altitude software (https://developers.google.com/maps/documentation/elevation/). Data on sunshine hours were obtained from Meteoswiss which collects sunshine hours using meteorological stations distributed throughout Switzerland (http://www.meteoswiss.admin.ch/web/en.html). For each participant, data on sunshine hours collected in the station nearest to the participants's address was used. The exposure period considered in this study was starting from the month before the participant's day of blood collection and was used to estimate the monthly mean sunshine hours. [17, 18] . The C-3 epimer of 25(OH)D 3 was not chromatographically separated and hence added to the measured 25(OH)D concentration. NIST SRM 972 reference material [19] was used during validation of the method and again every sixth month during routine detection. Five different reference sera were used in each assay. During the whole measurement period the laboratory participated successfully in a quality control programme (DEQAS) [20] . The limits of quantification of the method were 1.5 ng/ml for 25(OH)D 3 and 1.0 ng/ml for 25(OH)D 2 . Intra-and inter-assay coefficient of variation for 25(OH)D 3 were 4% and 8%, respectively. If one of the reference sera showed more than 15% deviation from the target value the results were discarded and the assay repeated. The stability of the frozen sera with respect to the measured parameters was tested over a period of 2 years. The effect of freezing thawing cycles on serum levels was also checked and we observed no difference with fresh serum for up to 5 cycles. The sera were stored frozen at -40°C and were thawed just before analysis. Samples for analysis were prepared as follows: 400 µl actonitrile and 50 µl IS in acetonitrile followed by 150 µl of serum were pipetted into a 96-well-protein-filtrationplate, adequately mixed and vacuum filtered into a 96-wellplate. 250 µl of the resulting solution was injected into the online-SPE-LC-MS/MS (online SPE: Symbiosis Pharma from Spark; LC-MS/MS: API5000 from ABSciex; SP-cartridge: Hysphere C8 EC-SE10; analytical column: BDS Hypersil C8 3 µm, 50×2.1 mm; elution with a water methanol gradient with 0.05% formic acid). Atmospheric pressure chemical ionisation in the positive ion mode was used. The following transitions were used for quantitation: 25(OH)D 3 , m/z 401 à 383; 25(OH)D 2 m/z 395 à 269; IS m/z 407/263. For each considered molecule two additional transitions were used as qualifiers. We compared current vitamin D levels in the Swiss population with previously available Swiss data from the Swiss MONICA project and from two cohort studies, the Swiss Red Cross study (Schweizerisches Rotes Kreuz, SRK) and the Selenium study. The Swiss MONICA project was conducted between October 1988 and June 1989 on a representative sample of the population from three Swiss cantons: Vaud, Fribourg, and Tessin (n = 3,466) [14] . Data were extracted from published results. In the Selenium study, 1,847 samples were collected during the periods of May to July 2005 and May to September 2006. The study design and sampling procedure have been described previously [21] . In the SRK study (personal communication, manuscript in preparation), some 120 samples were obtained each month between December 2009 and November 2010 from the region of Bern (for a total of 1,582 samples). The sampling was designed to have a representative sample of blood donors with respect to sex and age. Serum samples in the SRK and Selenium studies were obtained from regular blood donors in blood bank centres of the Swiss Red Cross. In the SRK and the Selenium studies, 25(OH)D concentration was assessed by the same analytical method as the one used in the present study (i.e. Swiss Study on Salt Intake) while in the MONICA study vitamin D was measured by radioimmunoassay.
Statistics
Statistical analyses were performed using Stata 11.0 (Stata Corp, College Station, USA). Continuous variables were expressed as mean ± standard deviation (s.d.) or 95% confidence intervals (95%CI). Categorical variables were expressed as number of subjects and percentage. Overall difference in means and frequencies across groups were tested (and p-values reported) using design-adjusted Student t-test and Χ 2 tests [22] . For these analyses, serum 25(OH)D was transformed using the square-root transformation and estimates were then back-transformed. Mean 25(OH)D levels were adjusted for age, sex, BMI, latitude, altitude, mean sunshine hours, weekly walking hours, period of the year, and speaking-regions, when appropriate. Adjusted 25(OH)D mean levels are reported by vitamin D supplements/treatment status. Vitamin D status was categorised into sufficiency, insufficiency, and deficiency defined respectively as 25(OH)D ≥30 ng/ml [75 nmol/l], 20-29.9 ng/ ml [50-75 nmol/l], and <20 ng/ml [50 nmol/l] according to experts recommendations [3, 23] . To account for the stratified sampling method and Italian-speaking region oversampling, we used STATA survey procedures to estimate means and prevalences of vitamin D levels and status. To analyse the associations of covariates of interest with vitamin D status, we used monthly-specific tertiles of 25(OH)D as the dependant variable. For each month of the study period, the distribution of 25(OH)D is used to define the specific tertiles of 25(OH)D. The tertiles of the 25(OH) distribution restricted to blood samples conducted during the month of August were computed. Similarly, the tertiles of the 25(OH)D distribution were computed separately for each month of the year so that each month has specific tertiles of 25(OH)D. This approach is considered as the most valid measure of associations [24] . Multivariate linear and ordinal logistic regressions were conducted for vitamin D levels and vitamin D monthly-specific tertiles, respectively. We considered anthropometric, behavioural, biological, and environmental factors as variables of interest in the analyses. These variables were considered given their reported or potential influence on vitamin D level. To identify factors to be kept in multivariate models, univariate associations between vitamin D and attributes of interest were tested. Significances of p-values for keeping the attribute in the full model were set at <0.10. Regression diagnostics, including check for collinearity, were performed and the final models constructed accordingly. We considered oral contraceptive and hormone replacement therapy separately in sensitivity analyses. Significances of p-values for difference across groups and p-values for trends were set at <0.05. Conversion factor for 25(OH)D: 1 ng/ml = 2.496 nmol/l.
For the purpose of this analysis, BMI was categorised into <25.0 kg/m 2 , 25.0-29.9 kg/m 2 , ≥30 kg/m 2 ; ethnicity was defined as Caucasian versus non-Caucasian; smoking status as never, current, and ex-smokers; high wine and fish consumptions were both defined as consumption of these items 3 or more days per week; physical activity was categorised as nearly never, <1×/month to 1×/week, and at least 2×/week, and tertiles of daily average minutes of walk were used.
Results
The present analyses were restricted to participants with all variables of interest available (93%). A total of 1,309 subjects were included in the analysis. Characteristics by speaking region are detailed in table 1. The following characteristics statistically differed across regions: BMI (lower in the Italian-speaking region than in the other two regions), current smokers, albumin-corrected calcium, altitude, latitude, monthly sunshine hours, wine and fish consumptions, and times per week of physical exercise. 
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and obese categories (p-value <0.001). Differences across BMI categories remained significant when restricted to participants without vitamin D supplements or treatments (data not shown). Figure 2 shows the distribution of 25(OH)D levels (ng/ml) by speaking region overall (panel A) and stratified by BMI categories (panel B). Overall and for each BMI categories, the distribution of 25(OH)D levels in the Italian-speaking region was shifted to higher values when compared with the French and German-speaking regions' distributions. Table 2 shows the prevalences of vitamin D sufficiency, insufficiency, and deficiency, by seasons, gender, and BMI categories. The prevalences of vitamin D insufficiency and deficiency were the highest in the January-March period; 26.4% (21.6-31.7) and 61.6% (56.0-67.0), respectively. Restricted to non vitamin D supplements or treatment users, these prevalences were 25.4% (20.7-30.8) and 63.6% (57.8-69.0), respectively. The prevalence of vitamin D insufficiency or deficiency was highest among men throughout all period of the year; in the January-March period, more than 9 of ten men were vitamin D insufficient or deficient. Among participants with obesity (i.e., BMI ≥30 kg/m 2 ), the prevalences of vitamin D insufficiency and deficiency in the January-March period were 21.3% (11. 
Determinants of vitamin D status
Multivariate associations of characteristics with vitamin D monthly-specific tertiles are reported in table 4. An odds ratio greater than the null value (OR >1) in the table 4 suggests that the factor is associated with an increased likelihood of being in an upper 25(OH)D monthly-specific tertile than in the absence (otherwise mentioned) of the factor. Conversely, an odds ratio lower than the null value (OR <1) suggests that the factor is associated with a decreased likelihood of being in an upper 25(OH)D tertile than in the absence (otherwise mentioned) of the factor. BMI was negatively associated with vitamin D monthly-specific tertiles; each unit increase of BMI was associated with an 8% decreased likelihood of being in a higher vitamin D tertiles. Oral contraceptive, altitude, urinary excretion of calcium, use of vitamin D supplement or treatment, high wine consumption, physical activity were positively associated with vitamin D monthly-specific tertiles. In sensitivity analyses, oral contraceptive and not hormone replacement therapy drove the association (data not shown). Compared to the French-speaking region and after adjustment, the Italianspeaking region was associated with a higher likelihood of being in a higher vitamin D tertiles (OR: 1.66, 95%CI: 1.14-2.43).
Previous Swiss 25(OH)D studies
The variation of 25(OH)D distribution during the examination year is depicted in figure 3 across four Swiss studies. The winter nadir (February-March) is almost identical in all studies whereas the fluctuation of summer apex (August-September) across studies is slightly larger. No major and systematic differences across studies are observed.
Discussion
In this population-based study, we show that the prevalence of vitamin D insufficiency or deficiency in the Swiss adult population is high and varies by period of the year, BMI categories, and speaking regions. The association of
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Swiss Med Wkly. 2012;142:w13719 speaking-regions with vitamin D status was independent of major potential confounders. The overall prevalence of vitamin D deficiency or insufficiency was 74.7% and increased to 76.0% among participants not taking vitamin D supplement or treatment. While the health impact of vitamin D insufficiency is debated [25] , 39.5% of the participants not taking vitamin D supplement or treatment (95.9% of our overall sample) presented a vitamin D level <20 ng/ml (50 nmol/l) (i.e. vitamin D deficiency). Current evidence supports the notion that 25(OH)D concentrations of at least 20 ng/ml (50 nmol/ l) are necessary to support bone health in all adults and muscle health in older adults [26] . Most of the vitamin D is produced in the skin from 7-dehydrocholesterol by sunlight UVB exposure. In a region such as Switzerland (latitude about 45 o ) vitamin D effective UVB radiation is lower in the winter and fall periods than in the spring and summer periods [27] . The highest prevalence of vitamin D insufficiency and deficiency in our study were observed during the October-December and January-March periods. Thus, when there is ineffective exposition to sunlight, sufficient vitamin D levels are clearly not reached in the Swiss adult population. There is no evidence showing that adequate level throughout the seasons is essential for vitamin D to be beneficial, notably for bone or muscle health outcomes. Yet, given the central roles of vitamin D in regulating calcium absorption, promoting bone resorption and maintaining calcium and phosphate levels for bone formation, it seems very unlikely that vitamin D deficiency during meaningful periods of the year is without any biological and health implications. Vitamin D levels and prevalence were also clearly associated with BMI. This is in line with previous studies [28] . There are several mechanisms by which vitamin D levels could be inversely associated with BMI including the decrease of outdoor physical activity, the inadequate diet, and the sequestration of vitamin D in the cutaneous fat among people with overweight or obesity [29] . The reason for the increasing prevalence of vitamin D deficiency observed in the United States could be in part due to the increase of BMI [30] . [12] . The higher and lower serum 25(OH)D levels in Northern and respectively Southern European countries, are probably mediated by the high intake of fish and cod liver oil in Northern countries, and by skin pigmentation and sunshine avoiding behaviors in Southern countries [12] . Reasons for the better status in vitamin D among subjects in the Italian-speaking region compared to subjects in the French-and German-speaking regions are not clear. One possible explanation is residual confounding. We adjusted for sunshine hours, altitude, and latitude because theoretically, persons living in regions with greater sunshine hours, higher altitude, and lower latitude should present higher levels of vitamin D than persons in regions without these characteristics [27] . In practice however, since more than 90% of vitamin D arises from sunlight (in the absence of supplementation), vitamin D levels also depend on cultural behaviours such as clothing, time spent outdoor, sunbathing habits [31] . Although we adjusted for physical activity and weekly hours of walking to account for the time spent outdoors, we missed information on other behaviours that might influence vitamin D levels. It is unlikely that differences in skin pigmentation explain the highest vitamin D levels in the Italian-speaking region. While we cannot exclude residual confounding, the strong association of vitamin D status with speaking regions in Switzerland deserve attention and should be further explored. Our analyses show that vitamin D is independently associated with BMI, altitude, and vitamin D supplements/medications, which is consistent with previous reports [30, 32, 33] . We also report associations of vitamin D levels with oral contraceptive/hormone replacement therapy and wine consumption. Oral contraceptive use increases circulating levels of 25OHD, likely because estrogen increases vitamin D binding protein expression and stimulates the renal 1,alpha-hydroxylase [34, 35] . We considered oral contraceptive and hormone replacement therapy separately in sensitivity analyses and found that oral contraceptive and not hormone replacement therapy drove the association. Molecular evidence suggests that phytoestrogens such as the resveratrol present in red wine may regulate the vitamin D receptor promoter and could enhance the effects of vitamin D [36] . Vitamin D could therefore mediate part of the effects and mechanisms of action of red wine consumption on the risk of CVD [37] . Our results confirmed that information on contraceptive use and wine consumption should be considered when interpreting 25OHD values. Although limited, data from the literature suggest that the prevalence of vitamin D deficiency has increased this past decade. Selenium studies for identical periods of the year, we observed no major change in the last two decades. We acknowledge the limitation of this comparison given the difference in methodologies and study designs. These comparisons must therefore be interpreted with caution. These results should be interpreted in the light of the study's strengths and limitations. This is the first population-based study covering the three linguistic regions of Switzerland, taking into account geographical and meteorological information. We measured vitamin D status (25(OH)D) by the gold standard technique (LC-MS/MS). Information on major known potential confounders was available. However, despite these efforts, information is still incomplete. For example, information on the darkness of the skin was missing and we used self-reported ethnicity to categorise participants into Caucasians and non-Caucasians. In fact, the packaging and size of melanosomes in the keratocytes influence darkness of the skin, and dark pigment does reduce the skin's ability to synthesise vitamin D from sunlight by up to 95% [33, 39] . However, the proportion of non-Caucasians was very low in the studied population, so this aspect is very unlikely to explain the observed low levels of vitamin D.
We did not use a comprehensive food frequency questionnaire. Diet however, contains only small amounts of vitamin D (i.e., vitamin D 3 or vitamin D 2 ), and information on fish consumption was collected, which is the major dietary source of vitamin D in humans. We did not take air pollution, ozone, time of the day, reflectivity and cloud cover into account. These weather-related factors do influence vitamin D effective radiation and thus vitamin D photosynthesis [27] , although the impact is likely to be minor. [25] . Of note, a 25(OH)D level of at least 20 ng/ml (50 nmol/l) was chosen by the IOM to define the vitamin D recommended dietary allowances of 600 IU/day for ages 1-70 years and 800 IU/day for ages 71 years and older, to meet the requirements of at least 97.5% of the population. The low participation rate limits the external validity of our findings. We explain the low participation rate in the SSS study by the unattractiveness of 24-hour urine collection, which necessitates two visits to the health centre, together with the two-stage sampling strategy, which implies that the person we contacted by phone was not automatically the one randomly selected to enter the study. As a consequence, the contact letter was not directly addressed to the person who subsequently took part in the study. 
Conclusions
Low levels of blood vitamin D are common among Swiss adults, in particular during winter months, in overweight and obese adults, and outside the Italian-speaking region. This is of potential concern considering the role of vitamin D in key biological processes. Further epidemiological studies should assess the impact of vitamin deficiency on the key chronic and degenerative diseases, and further assess the impact of dietary supplements on the improvement of levels of vitamin D. If considered as substantial, an experimental introduction of vitamin supplement in a population-wide experiment should be developed, implemented and carefully monitored. 
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